To investigate the feasibility of fetal liver cells for liver tissue engineering, the supporting function of poly-L-lactic acid (PLLA) for fetal liver cells and the effects of oncostatin M (OSM) on hepatic differentiation were studied. After preparing three-dimensional biodegradable PLLA scaffold having a well-developed open-pore structure by a gas-forming method with ammonium chloride particles as a porogen and a gasforming reagent, fetal liver cells separated from E14.5-C57BL/6CrSlc murine embryos were inoculated in the PLLA scaffolds. Cells were cultured in Williams' E medium with or without OSM (10 ng/ml) for 30 days with a medium change every 2 days. Results showed that there were significant increases in the number of cells and in albumin secretion in PLLA culture compared with in monolayer culture on day 15. In addition, a significant increase in albumin secretion was observed in OSM-added PLLA culture compared with OSM-free culture, and there was only a slightly enhanced albumin secretion in monolayer cultures with OSM. These results suggest that PLLA may enhance the biological activity of OSM for inducing maturation of fetal liver cells. Interestingly, the number of cells in PLLA culture with OSM decreased compared with OSM-free PLLA culture at day 15. This may be because promotion of hepatic development by OSM simultaneously suppressed in vitro hematopoiesis (i.e., blood cell production). In summary, our results indicate that the three-dimensional PLLA scaffold is a good support material for the cultivation of fetal liver cells and that OSM is capable of not only terminating hematopoiesis of the fetal liver but also stimulating the maturation of hepatic parenchymal cells in vitro.
INTRODUCTION
ammonium bicarbonate salt as a gas-foaming agent as well as a porogen additive (9) . The expansion of pores Tissue-engineered liver is expected to become an within the polymer matrix to a great extent, leading to effective treatment for patients suffering from hepatic well-interconnected macroporous scaffolds with mean failure (5) (6) (7) 11) . The present fundamental tissue engipore diameters of around 200 µm, is ideal for high cell neering techniques include the following: 1) preparation density seeding. Furthermore, this PLLA paste containof biodegradable polymer scaffolds that serve as tempoing ammonium bicarbonate salt particles can easily be rary templates for tissue or organ regeneration; 2) in handled and molded into any shape, allowing for fabrivitro control of growth and differentiation of the stem cating a specific shape and geometry of temporal tissue or progenitor cells of specific organs; 3) local growth scaffolds required for liver tissue engineering. factor delivery that enables the relevant cells to organize Although fetal liver cells are one of the best sources themselves into the tissue. Therefore, to organize a liver for in vitro reconstruction of liver tissue because they tissue of a clinically useful size, in vitro large-scale conproliferate more than mature cells in culture, no cultivatrol of growth and maturation of fetal liver cells in biotion of these cells in PLLA scaffolds has been reported degradable polymer scaffolds is necessary.
yet. In addition, recently it has been demonstrated that Three-dimensional biodegradable poly-L-lactic acid oncostatin M (OSM), a cytokine belonging to the inter-(PLLA) scaffolds have been extensively used for tissue leukin-6 family, in combination with glucocorticoid, inregeneration (1, 2, 4, 12 
Preparation of PLLA
The cells were cultured in Williams' E medium with or The three-dimensional PLLA scaffold (2 mm thick, without OSM (10 ng/ml) for 30 days with a medium Θ10 mm) having a well-developed open-pore structure change every 2 days. was prepared by a gas-forming method with ammonium chloride particles as a porogen and a gas-forming reScanning Electron Microscopy (SEM) agent (9) . Briefly, after dissolving high-molecular-
The morphology of cultured fetal liver cells in PLLA weight PLLA at 80 mg/ml chloroform, 1.5 g of NH 4 was observed by means of a Wet SEM (SM-300, HCO 3 particles/ml chloroform was added and mixed TOPCON, Sydney, Australia). After aspirating the culcompletely. We put these highly viscous PLLA/NH 4 ture medium and washing two times with PBS, the HCO 3 particles in chloroform into a Θ10 mm mold and PLLA pieces were cut and immobilized onto the sample waited for about 15 min for them to solidify. After carestage of the SEM. Then the sample-loaded stage was fully removing the PLLA/NH 4 HCO 3 from the mold, it placed upside down in a small bottle, and about 5 ml of was heated at 50-60°C overnight to let the chloroform 4% osmic acid solution was applied on the bottom. After evaporate completely. Then the PLLA/NH 4 HCO 3 was 1 h, the PLLA pieces were ready to be observed with put into hot distilled water at about 80°C and stirred for the Wet SEM. about 15 min. Next, we put it into 70% EtOH for 5 min. We did this procedure six times, so that all the NH 4 Measurements of Number of Cells and Albumin HCO 3 was removed from the PLLA/NH 4 HCO 3 . The Secretion polymer was dried for several hours at 50-60°C and
The number of cells was measured based on the celcut into 2-mm-thick pieces. We sterilized the prepared lular acid phosphatase content. Following the method macroporous PLLA scaffolds with 70% EtOH for 2 h described previously (3), concentrations of the colored and washed them three times with sterilized distilled waproduct of cells were measured at 1, 7, 15, and 29 days. ter. The PLLA scaffolds were then soaked in 0.03% col-
The culture medium was analyzed for albumin conlagen acid solution for 1 h and used as substrate for the centrations by enzyme-linked immunosorbent assay culture of fetal liver cells.
(ELISA) (10).
Isolation and Primary Culture of Fetal Liver Cells
RESULTS AND DISCUSSION Fetal liver cells were isolated from E14.5-C57BL/ Feasibility of Culturing Fetal Liver Cells in 6CrSlc murine embryos by a two-step protocol (5-7). In Biodegradable PLLA Scaffold brief, the liver tissues derived from E14.5 murine embryos were minced into pieces (<1 mm 3 ) and were
In this study, highly open porous biodegradable PLLA scaffolds for tissue regeneration were fabricated incubated with preperfusion medium containing 0.5 mM ethyleneglucoltetraacetic acid (EGTA) for 10 min folby using ammonium bicarbonate as an efficient gasfoaming agent as well as a particulate porogen salt (9) . lowed by 0.05% collagenase-containing buffer for 15 min at 37°C with gentle agitation. Tissue pieces were SEM of PLLA (Fig. 1A) showed that these scaffolds have macropore structures of over 200 µm with no visigently pipetted and mechanically agitated in Williams' E medium to produce a single-cell suspension. The susble surface skin layer, which permitted sufficient cell seeding and supplies of nutrients and oxygen to seeded pension was filtered through a cell strainer and centri- cells within the porous scaffolds, which are required for A significant increase in albumin secretion was observed in OSM-added PLLA culture compared with facile tissue formation. In addition, significant increases in the number of cells and in albumin secretion were OSM-free culture, and there was only slightly enhanced albumin secretion in monolayer cultures with OSM. In observed in PLLA culture compared with monolayer culture at day 15 (Figs. 2, 3) . Although the number of cells in the PLLA culture was almost the same as in the monolayer culture at day 29, we considered that this was because the volume of PLLA scaffold is limited and the space for proliferation of cells became saturated after 2 weeks. These results indicated that the three-dimensional PLLA scaffold is a good support material for the cultivation of fetal liver cells.
Effects of OSM on Fetal Liver Cells in PLLA Culture
OSM is a member of the IL-6 family of cytokines. Kamiya et al. recently demonstrated that the signal exerted by oncostatin M (OSM) through gp130 plays a pivotal role in the maturation process of the liver both in vitro and in vivo. At the same time, OSM is capable of not only stimulating maturation of hepatic parenchymal cells but also terminating the embryonic liver func- PLLA culture were studied. addition, a SEM image of the PLLA cultured fetal liver only terminating hematopoiesis of the fetal liver but also stimulating the maturation of hepatic parenchymal cells cells with OSM also showed numerous cells spread over the surface of the PLLA (Fig. 1B, D) and a large amount in vitro. of extracellular matrix (Fig. 1C, D) . These results suggest that PLLA may enhance the biological activity of
